Introduction
Since double balloon enteroscopy (DBE) was first described by Yamamoto et al 1 in 2001, it has not only improved our access to the small bowel, but also improved our therapeutic options. In addition to evaluating and treating small bowel bleeding and polyps, DBE can also be used to assess and treat small bowel strictures. Small bowel obstruction can be secondary to extrinsic or intrinsic lesions of the bowel wall. Extrinsic lesions due to adhesions (most commonly postoperative) are the most frequent cause of bowel obstruction in the Western world. 2 Intrinsic causes include inflammatory (e.g., Crohn's disease), ischemic, anastomotic, nonsteroidal anti-inflammatory drugs (NSAID)-induced, radiationinduced, and malignancy. [3] [4] [5] DBE can provide the ability to biopsy and better define the etiology of the stricture and treat using balloon dilation, steroid injections, and removal of retained capsules. [5] [6] [7] However, there are limited case series on the management of small bowel strictures using DBE. We present our experience at a tertiary referral center for the diagnosis and management of benign small bowel strictures using DBE.
Methods
The endoscopy and billing database at our institution between January 2007 and December 2011 was reviewed. Of the 374 patients who underwent DBE at our institution, 13 patients underwent a total of 16 DBEs for diagnosis and/or treatment of benign small bowel strictures. To be included in the study, all patients had to have clinical and radiological evidence (CT or small bowel follow through) of small bowel obstruction. Malignant strictures and masses found either at video capsule endoscopy (VCE) or DBE (n ¼ 13) were excluded. A detailed review of the patient's chart and fluoroscopic images was performed to collect demographic, clinical, procedural, and outcome data (Tables 1-3) . The study was approved by our Institutional Review Board.
All examinations were performed using the DBE (Fujifilm, Tokyo, Japan) by five experienced endoscopists. Fluoroscopy was used in all patients. The route of entry (antegrade vs. retrograde) was determined by the endoscopist's suspicion of the location of lesions, based on the results of the previous investigations (capsule endoscopy, CT scan) and clinical findings. The oral route (antegrade) was chosen for patients suspected of having a jejunal lesion, whereas the anal route (retrograde) was initially selected when ileal lesions were suspected. Procedures were performed using anesthesia support (general anesthesia, or monitored anesthesia care) in seven patients and using conscious sedation (intravenous midazolam and fentanyl) in six patients (all retrograde DBE). Total procedure time was measured from the time of insertion to withdrawal of the enteroscope. Enteroscope advancement was halted when no further progress was possible, or when the strictures were identified and treated. Patients were monitored for up to 2 hours post procedure before being discharged home.
In the case of longer strictures, better definition (length and diameter) was obtained under fluoroscopy by injection of intraluminal contrast injected through the accessory channel of the DBE scope. Balloon dilation was performed using an over-the-wire dilating balloon. The balloon was kept inflated until waist effacement, or for at least 30 seconds. The stricture was then assessed endoscopically and fluoroscopically for response and any evidence of perforation. In four patients, a retained capsule was removed with a Roth net (US Endoscopy, Mentor, OH, USA) after successful stricture dilation. Descriptive statistics were calculated for patient data and clinical parameters, with medians, range, and standard deviation. Technical success was defined as endoscopic and radiologic resolution of the stricture at the time of the procedure. Clinical success, in addition, required resolution of obstructive symptoms and avoidance of surgery.
Results
During the study period, a total of 13 patients (11 males, median age 60 years) underwent 16 DBE examinations for benign small bowel strictures. Five patients, in addition, had a retained VCE that had been performed at an outside institution for obscure gastrointestinal bleeding. Six patients had prior small bowel resective surgeries. Other than two patients with known Crohn's disease strictures and two patients with known anastomotic strictures, the remaining nine patients did not have a definitive etiology of the stricture before the DBE ( Table 1 ). The retrograde (anal) approach was undertaken in eight patients, an antegrade (oral) approach in four patients, and a bidirectional approach in one patient. Conscious sedation was used only with the retrograde approach in six of eight patients. The remaining patients were sedated with anesthesia support. There was a nonsignificant trend towards a slightly longer median procedure time with the retrograde (100 minutes) versus antegrade (80 minutes) approach (p ¼ 0.051) ( Table 2) .
Technical success was achieved in 12/13 (92%) patients. Clinical success was achieved in 10/13 (77%) patients at a median follow-up of 46 months (1 technical failure, 1 required surgery, 1 opted for surgery vs. repeat DBE). The technical failure was in a patient who presented with small bowel obstruction after a VCE that was performed for obscure gastrointestinal bleeding. Significant adhesions prevented both an antegrade and retrograde approach at reaching the retained capsule. Intraoperative endoscopy was successful at retrieving the capsule and lysis of adhesions was needed to resolve the obstruction. The remaining 4/5 patients underwent successful retrieval of the retained capsule (Fig. 1) . Three patients (2 anastomotic stricture, 1 Crohn's disease) developed stricture recurrence at 4, 6, and 12 months. Two patients opted for repeat DBE and stricture dilations with successful outcomes at a median follow-up of 40 months, while one patient opted for surgical anastomotic revision (Fig. 2) . After balloon dilation of a radiation-induced stricture, a perforation was recognized at the site of dilation at endoscopy that necessitated surgical repair (severe adverse event) (Fig. 3) . Total median follow-up was 46 months (Table 3) .
Discussion
Complete evaluation of the small bowel mucosa was first successfully achieved in 1971, using the ropeway method, 8 and in 1977 with the sonde method. 9 However, these procedures were technically difficult to perform and not well tolerated by patients. Therefore, push enteroscopy, even though limited by its examination to 50-100 cm beyond the ligament of Treitz, remained the endoscopic method of choice to perform biopsies and interventions on the small bowel for a long time. 10 VCE further advanced the field of small bowel enteroscopy but was limited by its inability to take biopsies and perform therapies. 11 Since its introduction in 2001, DBE has led to significant progress in the diagnosis and treatment of small bowel disorders, mainly obscure gastrointestinal bleeding, but also small bowel polyps and strictures.
Once a small bowel stricture is suspected, precise description and diagnosis are necessary for adequate treatment.
12 DBE allows careful inspection of the stricture by allowing to and fro movement of the enteroscope, biopsies can be performed for histologic evaluation, contrast can be injected under fluoroscopy to better define its dimensions, and finally, balloon dilation can be performed for treatment as an alternative to surgery. 5, 13, 14 Endoscopic evaluation along with biopsies helped confirm the etiology of the strictures in all 13 patients, if the etiology was not already known before the procedure. Balloon dilation of strictures via DBE can be performed using balloon dilating catheters through the scope or over the wire (OTW). Using the OTW technique, the enteroscope is removed, and with the overtube left in place, a balloon dilator is subsequently passed OTW to dilate the stricture. 13 We performed all dilations using the through the scope technique. There are a few prior case series using DBE to treat benign small bowel strictures of various etiologies. 6, [15] [16] [17] [18] [19] Success rates ranged from 58% to 100%. Predictors of clinical response have not been well studied in these small series of patients, but one author found that longer stricture (>3 cm) in Crohn's disease was associated with a negative outcome in 6/7 patients. 17 We achieved technical success in 12/13 (92%) patients and clinical success in 10/13 (77%) patients. Clinical recurrences after small bowel stricture dilation have been reported in 13-100% patients. 13, 20 Some authors have proposed intralesional steroid injection after balloon dilation, 21 but long-term efficacy has not been confirmed. 22 In the setting of a recurrence, options include repeat DBE and balloon dilation, with or without intralesional steroid injection, or surgical revision. In addition to patient preference, the timing of the recurrence may help guide the choice between surgery and repeat dilation. 13 We encountered three recurrences, with one patient choosing to have surgery while the other two opted for repeat dilations. We had only one recurrence in four patients with Crohn's disease, possibly because two of the patients were treatment naïve and diagnosed for the first time with DBE. We had a single severe adverse event (perforation) in a patient with radiation enteritis. We acknowledge that it is difficult to draw any conclusions about risk factors for perforations with just one event in a small case series but do believe that it would be prudent to dilate strictures due to radiation enteritis more cautiously than strictures of other etiologies. There are several limitations to this study in addition to its retrospective nature. The small, diverse group of patients does not allow us to draw any conclusions about risk factors for recurrences. Two of four patients with Crohn's disease had prior small bowel resections, and it is unclear if these were fibrotic Crohn's disease strictures alone and/or anastomotic strictures, but given their length, we suspected the former. Nonetheless, this study adds further evidence that DBE is a useful and relatively safe clinical tool in the diagnosis and treatment of benign small bowel strictures of various etiologies. Under the right clinical setting, it can serve as an alternative to surgery. Prospective, comparative long-term studies with surgery would be helpful.
